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SUMMARY

Principle results in the year of grant research to

September 1, 1968 are:

1.

Hydration of thermal oxide on Si at moderate
temperatures-analyzed by tritium profiles as a
function of time, temperature and pressure, suggests
oxide porous structure.

Interface-states between oxide and Si controllably

produced by dry nitrogen baking between 500 and

700°C. MOS capacitance characteristics at 77°K versus

bias, time, aJ;d interface-state coﬁcentration studied.
MOS photocapacitors built and tested.

Combined electrical-radiochemical analysis of gold

in Si near interface done including MOS C(V) shift
and lifetime by diode storage-time and by MOS

transient method.
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"Impurities and Interface States in the SiOZ/Si System'

PugEose

(1) To understand factors contributing to instability in
surface properties of silicon planar devices and (2) To provide in-
formation which silicon device engineers can use to improve reliability,

Introduction

Applied Research on this grant is related to current micro-
circuit technology. The purpose of the work is to improve device
process yields and to increase reliability. Silicon surface controls
device characteristics to a great extent. Present devices make use
of thermally-oxidized Silicon. The Si surface and oxide is the area
of our study. Impurities in the vicinity of the oxide/Si interface,
and electronic levels in the interface are studied. Charge in the
vicinity of the Si determines quiescent surface potential, that is
device parameters such as offset-voltage and channel formation. In-
terface-states determine the ease with which surface potential can
be changed, as well as ‘surface lifetime.

This report covers work done in three main areas: oxide hy-
dration, interface-states, and gold effects. The basic approach is
to combine electrical MOS measurements with radiochemical impurity
analysis. Process steps and hot-bias are the experimental parameters.

Results are:

1. Water-species distribution in oxide as a function of time,

temperature, and pressure.

2. Redistribution of water-species in oxide during processing.

3. MDS C(V) transients at 77°K.

a) for interface-state analysis, correlated with hydration
b) for photodetection
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4. Gold distribution in Si and oxide compared with electrical
effects; MOS C(V), parallél conductance, and lifetime.

These experiments suggest factors which may be valuable to
technologists in improving yield and reliability in this area. Our
principal result is that water-species distributes anomalously at tem-
peratures about 100°C above room tempefature. The results suggest
that conventional thermal oxide on Si is not uniform, as generally as-
sumed. The porous structure suggested, may explain a number of ob-
servations of failure such as anomalous impurity penetration and break-
down of the oxide.

Oxide Hydration (G. Holmberg)

In these experiments, tritiated water vapor is maintained at
constant pressure in a closed system over oxidized Si wafers at con-
stant temperature. )

Oxides are near 5400 A in thickness as indicated by inter-
ference color. Si is 1 or 10 ohm-cm n-type. Oxide is grown at lZOOOC,
baked at 1000°C for 1/2 hour. Cleaning just before hydration consists
of degrease and deionized water rinsing. ’

Hydrafion cell is first evacuated. Samples are brought to tem-
perature. 1 curie/gm radioactive water vapor from thermostated source
is introduced. At end of run, sample chamber is cooled. Radioactive
water is condensed back to source vial and sealed off. Tritium monitor
is installed to detect malfunctions.

Hydrated samples are rinsed to remove detectable radioactivity
from surfaces. Aluminum evaporated electrodes are deposited on Si back
and on oxide for electrical measurements. Electrodes on oxide are
etched off in aqua regia before sectioning.

Sectioning of oxides is done in a teflon holder which is used
to minimize total volume of etch in order to maximize detection sensi-
tivity . The holder forms a miniature beaker in which the sample is
sealed in to form the bottom. Etch solution, diluté HF, only 0.5 cc.,



3)

followed by water rinse of 1.0 cc. is adequate and can be controlled
by this method.

Tritium activity is counted by liquid scintillation. In this
method, the radioactive etch plus rinse is added to liquid scintillant
with a solubilizer to keep the liquids from segregating. The technique
developed in this work to give stable solutions, and therefore repro-
ducible counting, is given in Appendix A.

One count/min. equals approximately 102

hydrogen determined
by counting a known quantity. Background is approximately 25 cpm.
Thus, detection sensitivity is approximately 4'101§ hyd.rogen/cm3 for
counting more than one hour. Counting is done in an automatic re-
frigerated system, Picker Ansitron II. Counting period is selected

so that statistical uncertainty is generally less than 5%.

Results

Fig. 1 shows reproducibility of data from four different runs
at the same p, T, t. Samples were from two different oxidation rums.
Reproducibility is seen to be about *10%, adequate for interpretation.
Note, data is more than 2 times background.

Fig. 2 shows hydrogen penetration from hydration as a function
of time at constant T and p. Note for a short time, penetration is
anomalous, verified in other runs. Hydrogen concentration in the oxide
near the surface is seen to increase with time although experimental
conditions are steady-state. R

Figure 3 shows penetration as a function of oxide‘temperature.
For the lowest temperature, anomalous penetration is seen. Concen-
tration near the surface increases with temperature. ‘

Fig. 4 shows penetration as a function of water-vapor pressure
in the system. The effect of pressure is principally to shift the en-
tire curve. In Fig. 5 we plot average concentration and find it is

approximately proportional to p1/2

. This is evidence that water mole-
cules break into H and OH upon entering the oxide, as has been postulated

for the hydration of Silica.(l)
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Interpretation

The most significant features of these results are:
1. Penetration is rapid compared to hydration of fused silica.
2. A spike of concentration exists near the air surface unlike or-
dinary diffusion.
3. Surface concentration is not a constant. ‘
Penetration of fused silica i%z% hour at 200°C islg/ﬁf-; 1600A

extrapolating higher temperature data i.e. for Co = 107" cm 7,
would be at a depth of approximately 4500A

3

concentration of 1017 "
‘after 8 hours diffusion into semi-infinite silica. Thus penetration
we observe is much greater than expected. This is consistent with
an oxide containing '‘pipes!' within which water-species can diffuse

(3) 4)

rapidly . Experiments on oxide permeation and dielectric breakdown
suggest this is the case. .

~ The spike of concentration near the air surface increases with
time but does not advance into the oxide with time. This suggests
that the outer oxide surface contains a high density of’"pipes” mostly
extending less than 700A. The observed increase of near-surface con-
centration would be due, on this model, to bulk diffusion spreading
from pipes, giving a weak t dependence as seen in Fig. 2,

Activation energy (Q) for diffusion may be obtained approxi-

mately by plotting penetration x at constant concentration, versus

temperature, since

x ~ D1/2 " e-Q/ZkT

The data in Fig. 3 give Q ¥ 0.3ev. For comparison, activation
energy for diffusion of water species in fused silica is about lev.(z)
Thus not only magnitude of penetration but temperature dependence is
other than expected.

In an effort to test this model, the experiment shown in Fig. 6
was performed. One sample was baked in order to outdiffuse water
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species, No outdi ffusion profile was observed. Concentration dropped,
but surface spike remained. To test whether an outer layer of oxide
was responsible for the spike, it was removed before outdiffusion.
The result, shown in Fig. 6, suggests that the outer porous layer is
characteristic of the oxide, at least after heating to 200°C or more.
Thus the hydration data suggest a model for thermal oxide in
which the oxide, due to thermal mismatch, is "piped’, with the largest
concentration of such pipes in a layer about 700A deep at the free.
surface where stress-relaxation is greatest. '
This model may explain other data:
1. Anomalously rapid permeation reported for gases(s),
2. Selective etching of oxide(4). ,
3. Precipitates on surface, penetrating the oxide(s).
The model also suggests that improved passivation may be ob-
tained by using a system which has less thermal mismatch than pure
SiO2 on Si.

Oxygen Tracing

This work has had to be postponed. Emphasis this year has
been on tritium tracing. Time and budget have been limited for oxygen
analysis. Meantime, the scattering chamber is being usedkby Professor
Heuer of Ceramics Department in a Van de Graaff oxide analysis experi-
ment patterned after ours. Detection and resolution determined in
those experiments are pertinent to our work.
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Interface States (H. P. Caban-Zeda)

Interface-states of interest in devices are electron energy
levels located in the energy gap at the silicon surface which can
change charge-state under operating conditions. Control of these
states is as essential as control of impurities.

The effect of interface-states on the surface potential of
n-type Si is shown in the room temperature C(V) of Figure 7. As
dc .voltage is reduced, Si depletes and C drops. The usual drop of
C is distorted just before inversion, indicating interface-states
which discharge electrons as the energy bands are bent upward.

Three basic purposes lie behind this study: (1) to observe
the effects of processing (baking, hydration, etc.) on interface-
state density, N

ss’ ‘
control; (2) to study Nss characteristics and analyze MOS C(V) tran-

as fundamental to their eventual prediction and

sients at low temperature, particularly those aspects related to Neo
contributions; (3) to investigate the relationship between impuri-
ties (such as water or Na) and L Identification of avalanéhe—type
processes in the MOS C(V) transients at low temperatures has also been
contemplated.

Fundamental to this study is the method of Gray and Brown(l)
for measuring Nss‘ The method consists of obtaining MOS C(V) char-
acteristics both at room temperature and at low temperature. The
low temperature (779K) is such that the Fermi level in the bulk ap-
proaches the conduction band for n-type (valence band for p-type)
material. For n-type material, for example, most of the surface states
"in the upper half of the band gap charge more negative. This, in turn,
shifts flat-band voltage toward more positive (Fig. 7). The relation-
ship between the flat-band voltage shift from low temperature to room
temperature, szfb = Vfb(77°K) - Vfb(room temperature), and Nss is
given by :

G = S Pl - ®



(14)

ALL

i et s 12 AR, ot

31,00€

- AQZ+

[ Qan8Ttd

18 odA3-u w0 - wWyo 1

d Ll te pue danjerddws ], wWooy je (A)D SOW



(15)

wh
ere Cox’ €ox? and X,

stant, and thickness, respectively, and e is the electronic charge.

are the oxide capacitance, dielectric con-

Measurement of surface states lying in the lower half of the energy
gap requires the use of p-type material. Density of surface states
as a function of emergy within the band gap can be obtained by ob-
serving changes in Vfb as temperature is changed, and relating
this to position of the Fermi level in the bulk of the substrate.

Oxides used in the MOS structures were grown at 1000°C in wet
oxygen (Iwater = 92 - 94°C, 1 1t./min.) to a thickness of either 2000
or 5400 A. Aluminum contacts were evaporated on the Si wafers (dots
on the top and a film covering all or most of the area on the back).

The relatively complex character of the low temperature MOS
C(V) characteristic has spawned considerable interest in its analysis
and understanding(z). A description of its salient features as found
for n-type material follows. '

In dark at moderate scan from accumulation toward negative
voltage we observe transient deep depletion of the Si (Fig. 7 and 8).
This transient is due to the inability of the minority carriers (holes)
to reach equilibrium. The field is then terminated by unshielded
donors in a depletion region whose width increases approximately linear-
ly with field. The variation of C with V, in this region, may be ob-
tained as follows. We may relate dV to the corresponding change in
‘the depletion region width, dx, by adding the changes in the potential
drops across oxide and substrate '

X
av = e, - N) & + ) &, (2)
D A €g €ox

where X ox is the oxide thickness and €g and €ox 2T€ the substrate
and oxide dielectric constants respectively. Other symbols have their

usual meaning. The differential capaciténce is given by

X
%.:..932:,\& 3)
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Integrating equation (2) between V and Vb, any two voltages lying

within the deep depletion transient region, solving for W and sub-
stituting in (3) yields

1 _ 1 2
pv Bl SR e AARAAOR @

where Co = C(Vb).

Fig. 9 shows a plot of.l/C2 vs. V which agrees fairly well
with a straight line. The slope of the line, however, does not agree
with the theory. It gives an iNb—NAl about half the measured doping.
This is believed to be due to the fact that at 77°K considerable
"freeze-in'' of the donors is taking place and cannot be appropriately
taken into consideration in a simplified approach such as that out-
lined above. Goetzberger and Nicollian(S) have studied the deep de-
pletion transient by using a pulse technique at room temperature, avoid-
ing therefore the "'freeze-in"' effect. They obtain good agreement with
equation (3).

The rate at which the system tries to reach equilibrium, de-
creases as the applied bias becomes more negative and is very sensi-
tive to light (increasing with light intensity), as would be expected
from increased generation of holes by light. TFurther increase in
negative bias usually results in a sudden increase in capacitance at
a certain value of bias, Vfd’ which depends, on sﬁbstrate resistivity,
density of surface states, and oxide thickness. The transient, how-
ever, does not end here, since the capacitance continues to rise slowly
with time till a certain value is reached which is slightly lower than
that in the light. ’

The possibility of avalanche processes giving rise to the abrupt
termination of the deep depletion transient has been considered. For
this to be the case, however, a definite relétionship between V. d
and the substrate resistivity should be expected. Evidence for the
effect can be seen in Fig. 7 compared to Fig. 8. However, experiments
" where substrate resistivity and oxide thickness were systematically
varied failed to disclose definite correlation between Vbd and substrate
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resistivity. Moreover, values of Vfd tend to be considerably higher
than expected from pn junction measurements. Vbd increases with
Nss' This is shown in Table 1.

Scanning the bias toward the positive side, a '"plateau’ in
the capacitance can be observed whose width (W) depends on density of
surface states and oxide thickness.

In the light, the deep depletion transient is terminated at
a bias, V 1’ smaller than Vbd’ which coincides with the more negative
edge of the "plateau''. In contrast with the dark case, however, the
capacitance now reaches a final steady-state value immediately after
Vv 1 is reached. Scanning back toward accumulation, the "plateau’
is still observed. ‘

If we assume that the deep depletion transient corresponds to
the Fermi level traversing the surface states, then we might expect
electrons being discharged from the energy states (as the voltage is
scanned toward inversion) to recombine with holes being generated by
the light. The holes, then, are not able to reach their equilibrium
concentration and a deep depletion transient ensues. Once the Fermi
level has traversed all the surface states, then, minority carriers
can accumulate and the transient ceases. Further evidence of this we
have found is that W, and thus Vbl, is proportional to Nss’ as dis-
cussed later.

The evaporated aluminum contacts on top of the oxides were,
usually, of sufficient thickness to be opaque to room light. Using
very thin (<600 A in thickness) transparent aluminum contacts dis-
‘closed that, under moderate light, the deep depletion transient was
absent. The C(V) curve would, under such circumstances, retrace itself
as the bias was scamned back and forth.

It should be mentioned that, in the dark, the 77°K C(V) curve
obtained by scanning the voltage from depletion toward accumulation
- 1s always slightly higher than that obtained by holding bias constant,
allowing the system to reach 'equilibrium'', and then joining the points
thus obtained. However, this second curve also exhibits a 'plateau'’.
Figures 7 and 8 show these characteristics.
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Table 1
‘Table I shows typical values of V pd substrate resistivities, and Nss’

Typical Values of Vp d

Substrate Oxide v V .-V % N

Resistivity Thickness pd - ‘pd fb ss
(a-cm) @ 0] ® ot a?
0.41 5400 -47 -24 1.4
0.41 5400 -176 -216 35
1.38 2000 -16 -12 1.0
1.38 2000 -27 -24 4.3
1.38 5400 -34 -20 0.4
1.38 5400 -56 -43 3.2
2.73 5400 -37 -25 0.8
2.73 5400 -111 -125 15

*Vfb is approximté flat-band voltage at 77°K.
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A definite correlation has been found between Nss. and the
width of the "plateau, W. This is shown in Figures 10 and 11. From
this figure it can be seen that

Lad

WAVg = 2 (5)

Gray and Brown have reported a distribution of surface states density
characterized by a peak of donor-type energy states near the valence
band and a peak of acceptor-type energy states near the conduction
band, the total number of each being about the same. The result
described by equation 5 suggests that the total excursion of the Fermi
level across the surface band gap as the bias is scanned from inver-
sion to accumulation is such that it traverses, not only the acceptor,
but the donor-type energy states as well. The width of the "plateau',
being proportional to N__ , would then be twice AVg.

It is interesting to note that, whenever surface states are
11

present in sufficient numbers (310 cm-z.), the room temperature
C(V) characteristics do not level off in the inversion region till

a certain bias is reached (see Fig. 7), this bias being roughly the
same as V. This, plus equation 5, facilitates prediction of W,
Vfb, and thus Nss' Care should be exercised in the use of room tem-

perature curves for the prediction of NSS however, since the results
are only approximate.

The effects of baking and hydration on .Nss ‘have been investi-
gated. Temperature and duration of baking have been varied and cor-
related with the amount of Nés introduced. It has been found that
the "harder" the bake, the more N, will be created for temperatures
up to about 800°C. Bakings at 1000°°C, however, reverse the trend, since
NSS created under such conditions is lower than would be expected. This
may be related to cooling procedure. Table II lists some representative
values of NSS and corresponding baking conditions. The results are re-
producible and, therefore, we are in a position to create surface-states

in predetermined numbers.
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Table 1I
NSs vs. Baking

Oxide Substrate v

Thickness Resistivity fb
Q) (2-cm.) (volts)

5400 0.41 88

5400 2.73 37

2000 1.38 4

5400 1.38 8

NS S

N
3,52 x 1032

1.48 x 102

4.32 x 101t

3.2 x10t!

*This sample was subjected to two bakings, one at 600°C for 10 min.,
and another at 550°C for 30 min.
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The role of water in the control of Ngs has been analyzed by
electrical and radiochemical measurements. After a known amount of
NSS was introduced (by baking) and measured, sémples were hydrated un-
der varying conditions with tritiated water and the NSS remeasured.
Then, water-species profile in the oxide was determined by radiochemical
methods. These profiles are found elsewhere in this Teport.

It was found that no significant reduction of Nss ‘was achieved
by hydrations at low temperatures (see Fig. 12), even though water
content near the Si/SiO2 interface, if each water-specie annihilated
one interface state, was sufficient to produce an easily measured re-
duction in Nss' A hydration at 800°C for a short time, however, was
effective in annihilating a large number of surface states.

Experiments to investigate the time dependence of Na drift showed
that Ngs increased as Na pile-up at the Si/SiO2 interface increased,
as evidenced by both room temperature and 77°K measurements. In partic-
ular, room temperatures disclosed that the distortion associated with
surface states shifted its position in the inversion portion of the
curve as the Na drift proceeded, as shown in Fig. 13. This suggests
that contamination may be at least partly responsible for the number
and character of surface-states. This result is being investigated
further at present with combined electrical and radiochemical measure-
ments after controlled contamination of samples.
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Smmnag

1. Interface states (N ss) are controllably introduced by baking
in dry N,.

2. kLow temperature transient MOS characteristic is related to Neo-

3. Room temperature characteristic is compared to low temperature.

4. '"Plateau' width is studied.

5. Effect of light, resistivity, oxide thickness is studied.

6. Effect of hydration using tritium analysis is compared to Nss‘

7

. Ns s is related to Na impurity in oxide.
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MOS Photodevice (E. Greenstein)

During this grant period, initial experiments were done to
explore the MOS as a photodevice. Such a device would have the
advantage of fabrication simplicity, requiring no diffusion or al-
loying. ) |

This work grew out of our observations of MOS photosensi-
tivity at 77°K. Understanding of this device might show that room
temperature operation would be possible with a similar approach.

§§Eeriment

MOS photodevices were fgbricated using transparent chromium
evaporated field plates on 3000A oxide. For bonding a lead, gold
was evaporated over all, then selectively etched to leave a pad using
photo-masking and Hope gold etch. Dice were mounted on TO-18 headers
at approximately 400°C and 1leads thermal-compression bonded. (Figure
14)

The open MOS device was immersed in liquid nitrogen. Signal
leads were brought to the device socket and a light was placed near.
A light-tight enclosure was secured around the apparatus.

The MOS was connected as shown in Figure 15. Typical test
condition, as shown, was a 10ms. positive or negative 25v pulse in
a 10% duty cycle.

Results

(1) As shown in Table III, response of typical pre-baked
devices depends on polarity of input voltage. Vin is applied to
the field-plate with respect to ground.

(2) Unbaked samples respond to light only for -V, Dot

for +v._ .
in
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(3) Input pulse duration has an effect when Vi, s TE-
latively 1little effect when *Vi, - As pulse width is increased,
response increases (lus. to 1llms).

(4) Most important, device responds at room temperature for
“Vin * Response is about half that observed at 770K.

Interpretation

These results are tentatively understood by referring to C(V)
characteristics like those in Fig. 8 with the difference that zero bias
is located within the wide "plateau’ after heavy pre-bake (30 min., 1200°C).
Integrated light intensity determines average capacitance, C, under steady-
state bias conditions. Stray capacitance, shown in Fig. 15, is responsible
for making peak v, less than Vin given by:

Vo " Vin Tw+C. X (- R(C E CSS ) ©)

S

In dark, C is relatively low. Approximately same steady-state deep
depletion is reached for either pulse polarity. In deep depletion C(V) is
nearly flat, so A # B (Fig. 15). In Table III, peak Vd- is relatively small
corresponding to small C , small charging and discharging current.

In light, C increases resulting in larger peak - v, Because of
the C(V) hysteresis, C (and peak vo) is larger when voltage is positive-
going. In light for e , C 1is larger relative to that for “Vin be-
cause bias cycle is not driving toward deep depletion for o e

This interpretation assumes that charging and discharging of inter-
face-states is a second-order effect. Interface-states are important in
that they shift the low temperature C(V) characteristic. Thus unbaked
samples, pulsed from zero bias, do not show photocapacitive effect for posi-
tive gate voltage because.the Si accumulates and is not appreciably photo-
sensitive.



Peak Vin

-25v

+25v
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Table II1I
Peak vb
Dark Light
v 2.4v
2 8.
2 18.5
2 10

10 ohm - cm n-type Si

Pre-Baked 30 min. at 1200°C
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Gold Effects (C. J. Slabinski)

Grant research this year has been in two main areas of rédio-
chemical gold measurements: (1) correlated with MOS capacitance and
(2) correlated with minority carrier lifetime near the Si surface.

Gold compensates bulk Si, with the result that MOS capacitance
minimum}(Cmin) decreases. This effect was calculated ) and discussed
in the grant report last year. Combined electrical/radiochemical
analysis gives fraction of electrically-active gold contributing to
“ACpin:

Gold was vacuum-evaporated onto backs of oxidized Si wafers and
diffused at 1000°C into Si. Fig. 16 shows gold concentration measured
by neutron activation and gamma spectrometry vs that measured by .

15 cm-s

'zxcmin‘ The two agree from about 1-5-10 with evidence of

’
non-active excess gold at higher concentrations. Precipitation of
excess gold near the interface during cool-down is the probable cause.
Additional evidence for excess gold is shown in Fig. 17 in which
gold concentration, measured radiochemically, increases as diffusion
proceeds, finally exceeding the limit of solid solubility in Si at
1000°C. (At lower temperatures, solubility limit is less.)
ﬁ Main conclusion from this work is that the method of MOS ‘Z!Cmin
isﬁ;robably a good measure of electrically active gold in Si near surface.
Electrical measurement of minority-carrier lifetime was by MOS
transient technique(z). This was checked by storage-time measurement
of shallow junction alloyed aluminum diodes fabricated side-by-side
with the MOS capacitors. Gold concentrations were obtained from
-AC .

n after the alloying cycle, a two-minute furnace heating to

slightly above the Al1-Si eutectic. Table IV shows results of diode
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lifetime vs. gold concentration. A monotonic relation is seen. Life-
times are longer than expected for amount of gold.(3) This may imply
that an excess of gold near the Si/SiO2 interface affects -A Cpjp More
than it affects diode storage-time, or that alloying reduces gold

concentration in the vicinity of diode.

Table TV
Gold from Lifetime (3)
Storage Time Lifetime -AC min Expected
520 ns 0 L
395 0.45 x 101%m3 11.ns
208 1.2 4,2
43 1.4

3.6

Control sam;iles containing only residual goldb were neutron-
activated, si sectioned, and gold counted (Fig.18). One sees there
is indeed a spike of gold at the Si/Si0, interface.

MOS transient technique uses an abrupt change in dc bias and
continwus measurement of differential capacitance. Our circ:uit(4)
is shown in block diagram in Fig. 19 and in detail in Fig. 20.
Ca}.ibration v}as done using the Boonton capacitance meter. Output
voltage was linearly proportional torcapacitance to 75 pf., becoming
non-linear due to amplifier saturation. Range was extended by inserting
a switched attenuator between the 4.5 mc preamp and amplifier.

Circuit was immune to spurious response caused by large pulses during

bias switch 1.rg
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Transient MOS lifetime results were scattered, independent of
diffused gold concentrations. Lifetimes were generally an order of
magnitude lower than those from diode storage. The explanation for
this may be that transient response is controlled by carrier generation
at the interface; either from the excess residual gold (Fig. 18) or
from interface states.

To investigate interface states, MOS parallel conductance is
being measured(s). An experimental difficulty with conductance measure-
ment of gold-doped samples is that gold compensates bulk Si, raising
series resistance of the device. This effect can be corrected for.
Measurements and calculations are being done to handle effect of series
resistance and oxide capacitance, to obtain Cp and Rp (parallel capacitance

and conductance) characteristic of only the interface region.
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 APPENDIX A
PREPARATION OF COUNTING SOLUTION

Order of mixing the ingredients in a CS-3-stabilized solution
is quite important, contrary to the statements of the manufacturer.
If CS-3 solubilizer is mixed with the xylene—PBD'scintillant before
mixing with the aqueous component, the solution may develop a very
intense and long-lasting phosphorescent background. The following
order of preparation is therefore used:

1. Excess of calcium carbonate is measured into the
radioactive HF solution to neutralize the acid.
This gives stable count-rate later.

2. Three cc of CS-3 are added and vial swirled to
mix CS-3 and aqueous component.

3. Xylene-PBD mixturc is added to vial, and vial is
shaken vigorously. This gives a solution with
a good deal of suspended calcium carbonate and
‘calcium chloride.

4, Vial is centrifuged for a few minutes. This
settles the suspended material firmly onto the.
bottom of the counting vial and leaves a clear
solution above the precipitate. Solution count-
rate is now stable.

5. Background on the samples may gd.lower if vials
are allowed to stand for a few hours between prep-
aration and counting.



